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INTRODUCTION 


While conducting investigations in connection with the helium program of 
the Bureau of Mines, the Crvogenic Le voratory las improved en apparatus for the 
Yapid end accurate determinntion of the heliun content of netural gas and gas- 
eous mixtures derived from that source. The separation of helium is effected 
by the use of activeted coconut cuercos), waich, when cooled to ligquid-air ten- 
peratures, absorbs the nitrozen and other constituents of the gas, leaving the 
heliwa in a spectroscopically nure states. This absorptive property of ectiv- 
ated charcoal was discovered by Dewar¥/ in 1875. Severel years later, rhile 
conducting their original researches on heliun in natural gas, Cady and McFar- 
land emnloyec the charcoal method for tne absorotion and removal of the common 
constituents cf natural ges and constructed an efficient apynaratus in which 
this operaticn could be effected, Shortly after initiating the Government's 
heliwa activities during the World War period, the Bureau of Mines atonted, 
with iainor wogificetions, the Cady and McFarland apparatus and method of analy- 
sis. Seibtels/ Cescribed this modified apparatus end method cf procecure as 
part of a publication on heliwa-bearing natural zes. Subsequently, the Burem!s 
apparatus for helium analysis nes been simplified anc inproved to facilitate 
more rapid and positive operation. The epnaratus and method of procedure now 
being used by the Bureau of Nines Cryogenic Laboratory are described in this 
paper. 


1/ The Bureau of Mines will welco:ae reprinting of this naper, provided the fol- 
lowing footnote acknowlecgnent is usec; "Renrinted from U. S. Bureau of 
Mines Inforaation Circuler 6796." 

2/ Associate chemist, U. S. Bureau of idines Cryozenic Laboratory, Amarillo, Tex. 

3/ Dewer, James, Czercoal Vacua: Nature, vol. 12, July 15, 1875, p. 217; The 
Absorption and Tnermal Evolution of Geses Occluded in Charcoal at Low Temp- 
eratures:; Proc. Roy. Soc, vol. 74, 1904, pp. 122-127. 

4/ Cady, H. P. and Mc¥arland, D: ¥., The Occurrence of Helium in Natural Gas 
and the Composition of Natural Gas; Jour. Am. Chem. Soc., vol. 29, 1907, 
pp. 1525-1526. 

5/. Rosers,:G. S., Helium-Bearinz Netural Gas: U. S. Geol. Survey Prof. Paper 
121, 1921, pp. 41-42. | 
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THE ABSORPTION METHOD 

The quantitative determination of helium in a gaseous mixture is sccom- 
plished by the resoval of the other constituents from the sample, either by 
chemicel or physical means; leaving only the helium which cen be measured 
directly. Chemicrl methods, when aplied to natural gas, require the burning 
of the hydrocarbons in oxygen, the absorption of the resulting carbon dioxide 
in a caustic solution, the removal of the excess oxygen in a suitable solution 
such asan alkaline pyrogallate, and the elimination of nitrogen by sparkding or 
by combination with hot calcium or magnesium. Such procedures are very slow 
and tedious compared with the physicel method which employs the absorptive 


property of activated charcoal to effect the separation of the ether constitu- 
ents from the pettun: : 


When coolec to liquid-air temperatures, activated coconut charcoal absorbs 
large volumes of the principal constituents of natural gas, such as nitrogen, 
methane, other gases of the hydrocarbon series, carbon dioxide, and oxyren, if 
the latter is present in the samle:.: ‘the thousands of analyses made in the | 
Cryogenic Laboratory indicate that ih naturel gases of this country hydrogen 
and neon are either absent or occur in such smzll percentages as to be absorbed 
readily by the quantity of charcoal usually employed. ClaudeS/ found that 10.5 
cubic ceitimeters of hydrogen was absorbed by 100 grams of coconut charcoal at 
a pressure of 0.0060 millimeter of mercury and a temperature of ~195.5°9C. For 
neon his rescarches did not extend to the very low pressure ranges employed ir 
the method being described. . Pentcheff 2/ experimenting with a small quantity 
of coconut charcoal and srall volumes of gas, cid’ ‘not detect a loss of neon by 
absorption at very low pressures. Further study of the absorption of neon by 
coconut charcoal at Ligu- G-air temperatures has been mde by the writer. Air 
was used as the source of nédn in these: experinents, and ‘the volumes of ab- — 
sorbed neon mere computed by using | Watson! 38/ value of 1 volume of neon to 


6/ @laude, G., Sur l'absorption des Gaz des ‘Zaz ‘par. le ‘parle charbon’ aux basses temperatures: 
Commit.’ rend., vol. 158’, 1914,: p.’ 861. 


?/ Pentcheff, N. P., Sur la determination quantitative du neon dans les gas 
naturels; Compt. rend., vol. 189, 1929, p. 323 


8/ Watson,. Hi, » The Densities and Molecular’ Weights “of Neon | “end Helium: Trans. 
Chem. Soc., vol. , 27, 1910, p. 810. 
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Figure 1—Apparatus for separation and measurement of helium. 
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55,000 volumes of the atmosphere. At liquid-air temperatures and a pressure 
of approximately 0.0057 millimeter of mercury the absorption of neon was not 
greater than 0.06 cubic centimeter per 100 grams of'‘charcoal. Althouga only 
small volunes of hydrogen and nractically no neon are absorbed by coconut char- 
coal at liquid-air tanperatures, srectrum analysis of the heliun senaratea by 
the absorption method from natural-gas samples analyzed in the Cryogenic Lab- 
oratory has shown only minute traces of either of these gases. Thus, the ab- 
sorption method, employing coconut charcoal at liquid-air temperatures, is — 
apnlicable to the cetermination of the helium content, of the natural £ases 
ordinarily founc in the United States. 


The complete absorption of the various constituents of natural gas by 
charcoal raises the question of partial retention of the helium by this mater- 
ial. Such a partiel absorption woulc be a serious objection to the use of this 
method. lLeduc9/ found that the absorption of heliwi in activated charcoal is 
proportional to the vressure. Upon completion of an analysis by the .sethod 
described, the apparatus has been evacuated to the hignest degree attainadle 
by using a Tépler mercury pump. ‘Thus, the pressure on the charcoal has been 
reduced practically to zero and the absorption of helium should be exceedingly 
small. This problem was investigated by KennedyL@/ and no absorted heliux was 
detected under the high~vacuum couditions mentioned. 


Thus activated coconut charcoal is an excellent ‘material for the absorp- 
tion or removal of the various constituents of natural gas and leaves «11 of 
the helium for withdrawal and measurement. The charcoal-abdsorption princinle 
is emoloyed in the helium avparatus used by tue Bureau of Mines Cryogenic 
Laboratory. 


DESCRIPTION OF APPARATUS 


Tne epperatus for sevaration and measurement of helium consists of the 
following principal parts: A condensation tube, 2 charcoal tubes, a Tbvler 
mercury pump, and a burette: All of these narts and the necessary mercury 
traps, stopcocks, and manometer are welded together, forming a vacuun-tight 
apparatus, as shown in fizaure 1.. Accessory equipment includes a spectroscope, 
spark coil, 6-volt storage Matbery. a balance for weighing, a gasometer or 
equivalent for holding the sample before analysis, vacuum flasics for holding 
liquic. air, and pumps or other devices for supplying compressed air and create 
a vacuun to operate the Topler mercury pump. 


| The condensation tube B; is approximately 20 centimeters long and is made 

of suitable size glass tubing, such as 16-millimeter outside diameter, into 
which an inlet tube of about 7-millimeter outside diameter is sealed. The con- 

| struction is such that a gas sample, entering the apparatus through BLORCOCE, 2 , 


9] Leduc, M. A., Densité et masse atomique da neon:. "Compt. rend. ; vol 158, 


1914, p. 864. 
10/ Kennedy, H. §., The Absorption of Héliun.in Charcoal at. Liquid-Air Tempera- 
tures and Low Pressures: Unpublished thesis on file at the George Washing- 
ton University Library. ge ee Be a, 
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passes through the inlet tube nearly to the bottom of the condensation tube 
then rises in close contact with the outer wall to the outlet. One precaution ~ 
in making this condensation tube is to allow ample space between the end of the 
inlet tube and eee bottom for the collection of liquids. 


Eetween the condensation tube 3) and the first charcoal tube Bo is an open 
manometer M,, an auxiliary line L with stopcock So, and stopcock S. By means 
of the manometer My, the pressure in the condensation tube can be observed at 
any time. The auxiliary line I, connects the apnaratus to the main vacuum line 
and is used only during the prel'minary evacuation of the tubes and Topler pump 
head. Stopcock So closes the line at the completion of this preliminary step. 
Stopcock Sz is used to shut off the condensation tube By from the rest of the 
system when admitting a sample. Since gases pass through this stopcock under 
enn pony tienes its bore should be large to facilitate rapid pumping « 


“The diwneeet tubes Bo and Bs are made of. 24-millimeter outside-diemeter 
ae tubing «id are approximately 22 centimeters in length. They are con- 
structed so that the gas leaves at the lower ends, thus insuring good contact 
with charcoal at liqvid-air temperatures. The tubes are filled with activated 
coconut charcoal. Powdery charcoal should be excluded since it plugs the " . 
spaces between the larger crains, increases the resistance to gas flow, and — 
prolongs the pumping operation. Satisfactory service has been given by coconut 
charcoal of 8- to 14-mesh size and having a chlorpicrin tube test of 40 minutesd~ 
After filling, the ends of the tubes are plugged locsely wit: wire gauze or 
glass wool to hold this material. Tubes of the size described hold approxi- 
mately 25 grams of charcoal each. Care should be taken in bending the exit 
tubes so that the charcoal bulbs will fit loosely in the wide-mouthed vacwm 
flasks selected for the ligitid-air containers. 


Between the charcoal tubes .Bo and Bz and beyond the latter tube the appar- 
atus is proviced with mercury-trap seals T and To. In making an analysis 
these travs are used in closing off parts of the system, as described later. 
The mercury. reservoirs for these traps are vlaced approximately 10 centimeters_ 
less tian a barometric height below the inlet tubes of. the traps and «re 
equippec with three-way stopcocks Sq and S,_ for controlling the mercury levels. 
By opening the reservoirs to atmospheric pressure,.the. traps are closed and by 
turning the stopcocks to the vacuum line, they are cpened again. These traps, 
being free from leakage troubles and offering very. little resistance a he. 
flow of Bases when open, are used instead of i aaa 


The ‘spectrum tube C is teed cff cf the ae leading from the last mercury 
trap Io to the Tépler pump. A condensation tube By, smaller than tube B) but 
similar in design, is placed in the spectrum tube line. When immersed in _ 
liquid air, tube Ba serves to condense and hold water vapor left. in the system 
before starting the first analysis and mercury vapor, thus i ca all ‘but mere 
traces of these pmdectnonen ee vapors fro:a the epee ee tube. : 


lil/ Fieldner, A: C. ; Oberfell, G. G., Teague, 7 . », and Lawrence, F. W. ’ 
Uethods of Testing Gas Masks and Absorbents: ‘Ind. -and Eng . Ohen. two 11, 
1919, pp. 519-540. Cote oat 
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Any one of several types of spectrum tubes can be used. The spectrum 
tube, used on the apparatus being described, is constructed so that the light 
passes through a capillary tube and can be viewed from either the side or end. 
The gas in the spectrum tube is excited by means of a spark coil, operated by 

a 6-volt storage battery. The coil is adjusted to give a spark about 3 centi- 
eae long in air. Care must be taken to insulate the wires carrying the 
high-potentiel current to the spectrum tube to avoid shorting to the equipment 
rack or puncturing the glass apparatus. 


The heliun, ‘after absorption cf the other constituents of the sample, is 
removed from parts of the apvaratus thus far described for measurement by means 
of the Tépler mercury pump P. This pum) has a pear-shaped chamber or pump head 
of about l-liter capacity. This pump head, placed in an upright position, has 
an advantage over the inclined AntropoffL sla} type in that it is less likely to 
trap gas on the walls of the chamver. A glass cneck valve V prevents the mer- 
cury from flowing backward into the spectrum and charcoal tubes. A 2-liter 
acid bottle is used as a mercury reservoir for the pump. Since this bottle is 
subjected alternately to vacuuin and pressure conditions, it is shielded by a 
jacket of transparent plastic material, not shown in figure l, to protect the 
operator in case of breakage. 


‘The’ Tépler pump requires a supply of compressed air of about 18 pounds 
and a source of vacuum. The latter can be produced by operating a rotary-type 
oil pump or e. good water-jet pump. The pressure or vacuum is appliec to the 
mercury reservoir of the Tépler pump by means of the four-way stopcock 56. 
operated by hand. | 


This four-way stopcocis can be conveniently made from an ordinary two-way 
brass cock. A small hole is drilled through the body of .the cock so that the 
plug will be in an open position at each 90° of revolution. The plug of the 
cock is modified by closing cne end cf the bore; drilling a hole through the 
handle, stem, and core to the bore; and soldering @ copper tube in this hole. 
The copper tube is connected to the line leading to the mercury reservoir by 
a slip joint which can easily be made py substituting a soft, fibrous packing 
material for one of the cones in a brass compression-union fitting used to make 
the connection. : ; 

The Tépler pump delivers the helium through canillary glass tubing to the 
burette D for measurement. The capacity of this burette is 20 cubic centi- 
meters and the calibrated part is approximately 1 meter long. The burette is 
graduated into 0.05-cubic-centineter divisions, and readings can easily be esti- 
mated to the nearest 0.01 cubic centimeter. <A water jacket for maintaining a 
constant temperature surrounds the burette and auxiliary tube. The latter com- 
| pensates for changes in barometric pressure during analysis. 


12/.Antropoff, Andreas von, Experimentelle Untersuchung Uber Die Loslichkeit 
Der Edelgase in pace oe: mlectrochem. Ztschr., vol. 25, 1919, . 
p. 270. hs a 
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“por Res mei cee. ee ee of empl size should be weed to. donnect 
ae various pieces of. apparatus.. The Cryogenic. Laboratory uses ‘T-millimeter * 
outside-diameter tubing of medium wall. thickness for this purpose. ~The. capil-. 
lary mb ins used to: Join ne Topher pump and ‘burette has. a a-millineter bore.” 


“only the best quality ‘of sides “stopéocks. ania de aged. a8. ‘the apnaratus . 
eaatees under high-vacuum conditions. ‘The -various stopcocks. should be large. 
The bores of the plugs should be oblique so that gas cannot leak ‘around the” 
plugs, following the streaks in the grease. .A good stopcock when greased -prop- 
erly should be perfectly clear and show no streaks or air bubblea. Streaks are. 


difficult to avoid. unless the ‘Btopcocks are cleaned. cand lubricated. frequently. | 


- & grease for hig sh-yacuun. work should have a ce vapor pressure, ‘lubricate’ 
enoothly the ground surfaces of. the. stopcock, and.have sufficient body to stay. 
in place, thus preventing the class surfaces from ees. and sticking. os 
Greases can be purchased from chemical-supply companies or made in the ‘labor-" 
atory 4 from unvulcanized rubber, waseling, and pareffin. 1, a 


MODIFICATIONS OF THE APPARATUS 


‘Samples of natural:gas, collected in connection with the Bureau.of Mines 
survey of helium resources, are analyzed in an apparatus constructed according 
to the foregoing description. This apparatus is somewhat. elaborate in order -_ 
to handle, daily, a large number.of saaples having widely varying compositions. 
If only « few samples of more or less known composition are to be tested ata 
ne une eyppetae can be simplified. 


Since there ‘a ‘teage the possibility of: finding other rare gases’ aS80- | 
ciated with the helium in the samples analyzed in connection with the helium, 
resource survey,' a wave-length spectrometer is used so that these gases might . 
be. identified,’ If the analyst is. interested only in testing the purity of the 
helium: in -the.apparatus, a amall. hand spectroscope will satisfactorily. serve - 
the purpose. - Likewise a.smaller spark coil will be satisfactory in most in- . 
stances. = = fF es ; | z | i 


The charcoal tubes of the helium apparatus, as shown in figure 1, will — 
handle easily ten l-liter samples of natural gas without becoming fouled. If 
only. three or four samples are to’ be analyzed during the day the charcoal tube 
B3. aac trap. £2 ‘could be. ‘eliminated. | 


Ig ‘samples containing - ‘10 percent or more of helium are to be analyzed the 
apparatus should be modified slightly for satisfactory operation. A burette of 
100 cubic centimeters capacity should be substituted for the one described. It 
is convenient to add an auxiliary line, connecting the top of this burette and 
the condensation tube. By. With this addition, samples can be measured accurate- 
ly in’ the burette and transferred. to the condensation tube without danger of - 


13/ Shepherd, Martin, and Ledig, P. G., Rubber Stopcock Lubricants for High- 
Vacuum and Other Uses; Ind. and Eng. Chem., vol. 19, 1927, pp. 1059-1061. 


1793 ae ae 


Google 


1.6. 6796 


losing pert of the gas. baree neat stopcocks, similar’ to Ss, should be sub- 
stituted for mercury trans I) and To wnen the samples contain high percentages 
of heliwnz as these Ste08 are pelensteceery. for holding only small differences 
of pressure. 


The Tdnler mercury punmn, as described, operates very satisfactorily; how- 
ever, it can be modified to operate manually or automatically. If the labor- 
atory is not provided with compressed air end vacuwn equinment, the Topler 
pump and traps Ty end To can be modified for manual operation of the mercury 
reservoirs. Porterl4/ & has cescribed an automatic Tépler pump which will work 
satisfactorily in laboratories having compressed air, vecuum, and direct cur- 
rent. A Sorensel pump may be substituted for the Topler pump. While it has 
the acvantase of requiring very little attention during the pumping pcriod, _ 
Sprengel puup has the disadvantage of very mach slower operation. 


PROCEDURE FOR ANALYSIS 


Before the preliminary evacuation of the apnaratus is started all of the 
stopcocks should be cleaned properly, lubricated, and turned in the correct 
positions as follows: S) closed, So open, Sg open, S4 and §s5 closed witn their 
respective mercury treps Tj and Ts. cpen, S» open, Sg open, Sg open to tne atmcs- 
phere, and Sg oven to the vacuum line. . The auxiliary vacuum nump is then 
started and the apparatus preliminarily evacuated, the pressure in the system 
being noted by manometer My. If the charcoal is not dry, the tuves coutaining 
it are heated to 200°C. by means of cylindrically shaved electrical heaters 
which can be made in the laboratory. After the moisture is driven off the heat- 
ers are renoved from the charcoal tubes, and stopcock So is closed. Usually it . 
is not necessary to ory the one roet mules at the Ddeginning oF each day's opera- 
tion. 3 ¥ | 4 en rr 


“While the sireeet tubes are epoiiae: a small vacuum flask of Liquid eir 
is placed: around the condensation tube B4, and the apparatus is further evavu- 
ated by teking 5 or 4 styokes witi:.the.Topler mercury pump. To operate the : 
pump, stopcock Ss is turned 90° from the vacuum position thus ooening the 
mercury reservoir to atmospheric pressure. Mercury rises into the pum head, :- 
trapning a quantity of gas... By, turning stopcock S¢& another 90°,: compressed = 
air enters tke reservoir, and the mercury, continuing to rise, forces the gas 
from the pump head into the burette D from which it passes to the atmosphere 
tnrough the open stopcock Sg. .Te prevent the flow of too much mercury into 
the burette system, stopcock Sy may be opened before and closed after each 
delivery of gas from the pump. After forcing the gas into the burette, stop- 
cock S 5 is turned backward 90° and the air pressure in the mercury reservoir 
released.- The stopcock is then turned to throw a vacuum on the reservoir, 
Withdrawing the mercury from tke pump head and thus OnE EEN the cycle cf 
pperaeaos or stroke of the pump. 


ot a 


14/ Port Porter, Fran, An Automatic Topler Pap: Ind. and Ene. Chen. ,° vol. 16, 
(1924, p. 731. Sa oe a 
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When the charcoal tubes Be and Bz have cooled to room temperature, they 
and the condensation tube Bj “are imnsersed tn liquid air. In a few minutes the 
activated charcoal absorbs ieee remaining gas in the’ system. This absorption . 
is complete when the spectran tube ( fails to light and/or the Tupler pump 
ceases to deliver gas to the auunette. This completes the prelininary prepara—_ 
tion of the apparatus for analytical worl. 


The next step in the procedure. is to fil ba. eee flask G with’ gas 
from the container holding the sannle. The method used in making this transfer 
Will depend upon. the tyne of container and upon the pressure of the contained 
gas.. In general, tho methods ma; be divided into two groups: One for samples 
under such sm=il pressures or even slight vacuums that the gas must be with- 
drawn from the container by water displacement and the other for samples under 
sufficient positive pressure that ‘the sampling flask can be filled merely by 
releasing gas from the container. Samles of the first group are usually con- 
tained in glass bottles or lizht-weight sampling cylinders, while semples of 
the second grurp are confixed in stvel. cylinders. 


Berea eng: transfer of gas from the container is begun the sampling flask 
and inlet rubber tube must be filled completely with water to expel any remain- 
ing gas from the previous sample.. This is done by elevating the aspirator 
bottle above the sampling flask and opening the pines oan until a steady 
stream of water flows from the inlet tube. | 


The method of transferring gas from a class bottle is eigen: as a typical 

. example for samples of the first group. The bottle containing the sample is 
inverted in a trough of water, care being .talcen always to hold the mouth of the 
vottle below the ‘surface of the water to avoid contaminating the sample with 
air, While the bottle is in this position the stopper is removed and the inlet 
rubber tube of the sampling flasit is inserted into the bottle. ‘The aspirator 
bottle is then placed below the sampling flask and the pinch clamp on the inlet 
rubber tube is opened so that water: flows from the flask to the aspirator bottle, 
drawing a.gas sample into the flask from the inverted container. .After the 
transfer the pinch clamp is closed, and the aspirator bottle is raised to place 
a slight pressure on the gas in the sampling flask, thus avoiding the possibility 
of contamination with air if the pinch clamp does not hold perfectly. Slight 
modifications may be made in this methed. to meet the Portes arising. from the 
use noe cylinders or special- type containers. 


For the second group, ‘that is, anise under satpicrent positive pressure 
to fill the flask, the method of transfer is as follows; A suitable fitting 
or adaptor is attached to the valve of the gas cylinder so that the inlet rub- 
ber tube of the sampling flask can be connected to the cylinder.. This adaptor 
should include a.néedlé valve to ‘control: the rate of flow of gas properly in 
case the sample is under more than a: few pounds pressure. After flushing the 
- adaptor with gas from the cylinder to expel the air from it- the inlet rubber 
“ tube is attached and the pinch clamp is released. Then by careful operation 
of the cylinder valve or needle valve, as the. case may be, the sampling flask 
is filled with gas. After filling the flask, the needle valve or the cylinder 
valve is closed, and the pinch clamp is reset on the rubber tube. 
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Usually some water remains in the inlet rubber tube after the traneter: 
and must be removed to avoid a freeze-up while making ‘the analysis. A conven- 
ient way of doing this is to pinch off the open end of the tube, move the pinch 
Clamp to a. point near the sampling flasiz, and then, while holding the tube 
above the pinch clamp in one hand, to remove completely the gas and water from 
the pinch clam to the end of the tube by a stripping action with the other ... | 
hand. At the completion of: this movement the end of the rubber tube should. re- 
main pinched off to exclude air until the pinch clam is moved back to. SNe 
- lor 2 inches of the epee end. : 


After the ‘gplet pubber. tube is freed oz water the sampling flask and | as-. | 
pirator bottle are leveled so that the gas sample will be at atmospheric pres— 
sure, and a pinch clamp is placed on the connecting rubber tube to keep the gas 
under this pressure.. The flask holding the sample is then weighed to the near- 
est gram ona balance of suitable canacity and the weight recorded. The sampl- 
ing flasix mist be placed on the balance pan’ in the same position for each 
weighing, and only the seme length of connecting rubber tube must be permitted - 
to swing from the pan if weighings are to be duplicated with reasonable accuracy. 


At this point, the ouretie is prepared for the analysis. Stopcock S10 is 
opened, §» closed,. end Sg turned so that the burette is opened to the manometer, 
Mo. The water in the manometer is then leveled by use of the leveling bulb E, 
and stopcock Sg is turned to close off the manometer. Stopcock Si is closed - 
and remains in this position throughout . the remainder of the analysis. The 
interval between the adjustment of the volume of the gas sample to atmospheric 
pressure and the closing of stopcock Sj9, after the water in the manometer is —. 
leveled, should be as short as nossible since the volumes of gas before and 
after absorption are comared without taking into account any changes in baro- - 
metric pressure during this interval; that is, the pressure of the helium 
measured in the burette is adjusted to equal that in the compensating tube _ 
which represents conditions at the time stoncock Siro was closed. Unless gas 
samples contain large percentages of carbon dioxide or hydrogen sulphide they 
are confined in a gasometer containing water and are saturated with water vapor. 
The helium leaving the charcoal tubes is dry anc mst be saturated with water 
vapor in the burette before measurement for conditions to be comparable with 
those of the original sample. The compensating tube contains a small volume of 
water, and the walls of the burettc are moistened to establish that condition. 
After this is done, the leveling; bulb:E is raised to expel most of the water 
and all of the air. ZTnough moisture will cling to the walls of the burette to 
saturate the helium pumped intg. it. Stopcock So is then closed and the level- 
ing bulb lowered, producing a reduced pressure in the burette and thus making 
it ready for the introduction ena measur enene of as heliun. i" 


Stopcocks Sa ‘and Sp are carefully Svened to the clue ‘Sliewne mer- 


cury to close the inlets of traps Tj and T.,. and the stopcocks are then closed. 


Stopcock Sz is closed, and the entire eon is ready to receive the gas 
sample. a Lore tees 
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The inlet tube of the sanpling flask G is’connected to’ the apparatus, the 
pinch clamys are removed, ani the stopcock | S is openec.a slight amount +o ad- 
mit:a small flow of gas into the condensation tube 3}. At liquid-air tempera - 
tures, weter vepor, carbon dioxide, etnane,' and.the heavier hydrocarbon gases’ 
areyveondensed in this tube. Moreover, part of the. methane is Liquefied. - -Be- | 
fore atmospheric pressure is reached in tube Bi shown by manometer Mj, -stop-. 
cock $, is closed. Stopcock 33 is slowly opened and the gascous mixture, con- 
sisting of helium, oxygen, nitroven, and the methane not condensed in the first 
tube, passes irto the charcoal tube 3. where all of the gases except. the helim 
are absorbed. This restores a ns tn vacuum in the condensation tube, and 
stopeock' Sz is closed. Tais proccss is repeated until. all of the sample, apy 
aaa a panies has ‘been taken into the eEperetes | 


The mercury: -bbep %. bs ‘opened by slowly. turning: atoseoek: Si: to the vacuum - 
and then closing ‘the: ‘stopcock after the mercury level falls below the inlet 7 
tube of the tren. ‘This admits gas to the second charcoal tube. The apparatus 
is-allowed to stand for 5 minutes to give ample time for the complete absorp- 
.tion of the gases. A depression of the mercury level in-the inlet tube of 
= f2 ee ates the ‘presence or iis in the oe a 


- hile tnd meron is ets Aa ‘thé sampling. flask, if not commleéetely | 
emptied of gas, is again leveled to estabdlish atmo spneric pressure: in the 
flask, and the latter is weighéd. The interval between this leveling opera- 
tion, if gas remains in the flask, and the balancing of the original sample 
sheuld be as short'as possible ‘to minimize the effect of changing barometric 
pressure. The difference in the two weighings is the amount of water which 
displaced the gas. semple. This différence in weight, expressed in grams, may 
be-assumed to be ‘equal to the volume of the sample in cubic centimeters. For 
gases containing more than 3 percent of helium it is advisable to measure the- 
sample in a burette on: Bed ‘some re method which is more accurate than the 
Procdgure pencrAved: 


" The. sondratas be caa the mereury trap ty is seeeadh for possible leaks, 
first, ty exciting the spectrum tube and, secondly, by taxing a stroke with 
the T&Spler pump. If the spectrum tube fails ts €low and the pump delivers no 
gas, the analysis-can ‘proceed. The ump head is left full of mercury after 
this. test so: as.to.reduce the voluti¢ to be occupied by the helium, resulting 
in a ahenst Drossire for testing in the spectrum tube ge 


After the. somite ebeorpcied sertod, ‘the mercury — 1 is suena: a 
the spectrum tube: is again excited. .-.The color of the light emitted by pure 
helium depends upon the pressure in ‘the Spectrum tube, changing from orange- 
yellow to green with decreasing pressure. Nitrogen, the most Likely impurity, 
produces w purplish coloration. If the light from ‘the tube is passed through — 
a spectroscope, ‘the helium snectruml5/ presents a series of lines renging from 
red to violet. The: number of these lines dépends upon several factors, - one of | 


15/ Briscoe, H. V. A., The Enert Gases: Textbook of Inorganic Chemistry, ed. 
by Friend, J. Newton, London, 1919, vol. 1, pt. II, pl. facing p. 315. 
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which is the pressure in the spectrum tube. Other conditions remaininz constant, 
diminution of pressure reduced the number of lines, the double yellow line Dg 
being the only line visible at very low pressures. The presence of impurities 
in the gas can be detenained readily by use of the spectroscone. Often a faint 
hydrogen line and ea few mercur’ lines crn be seen in the helium spectrum. These 
are due to traces of water and mercusy vapors not removed by condensation tube 
B4 and may be disregarded. 


If the gas is found spectroscopically to be pure helium, except for traces 
of water and mercury vapors, the punning oneration vreviously described is 
started. Since the unver portion of the burette is under a barometric vacuun, 
care must be taken to deliver the first gas into it slowly to avoid hammering 
and possible brealexge of the burette. After this precaution has been observed, 
the pumping is continued and the spectrum tube excited from time to time. Ags 
the pressure decreases, the orange-yellow glow changes to green; this is fol- 
lowed by cathoie rays and, finelly, a blacic tube. After the black spectrum 
tube is obtained, pwnping, is continued for 4 or 4 strokes, or until no more gas 
is delivered to the burette. 


Upon completion of the pumpinz operation stopcock S» is closed, and the 
volume of helium in the burette is ready for the measuring operation. lLevel- 
ing bulb E is raised until the pressure of the gas in the burette is approxi- 
mately equal to atmospheric pressure. Stoncock Sg is turned carefully to con- 
nect the burette with the manometer Mo, and the latter is leveled by slowly 
raising or lowering bulb E. Stopcock S, is then closed and the leveling bulb 
lowered. The volume of heliuna in the burette is read, th? value being recorded 
to the necrest 0.01 cubic centineter. 


The volumes before and after absorption are directly comparable without 
correcting for changes of barometric vressure, temperature, or vapor pressure 
of ‘water. The water jacket keeps tne burette temperature close enough to the 
temperature at which the gas sample was measured that differences in the latter 
two variables are small enough to be disrezarded. As nreviously stated, the 
burette unit compensates for chan-es in barometric pressure. Thus the percent- 
age of helium in the sample can be computed directly by the following formala: 


Percentage of helium = burette readinz in cubic centimeters x 100. 


volume of sample in cubic centimeters 


Analyses are reported to the nenrest 0.01 percent by the Bureau of Mines 
Cryogenic Laboratory. Semples showing spectroscopic helium, but not a measur- 
able quantity, are reported as havin;; traces of this element. Samples failing 
_to show spectrosconic amounts are reported as having no helium. e apparatus 
described in this paper shows spectroscopically the presence of 0.05 cubic cen- 
timeter of helium. Samples havin: less than this anount per liter (0.005 per- 
cent) would be reported as having no helium, and samples having 0.005 to 0.007 
percent are recorded es having traces. 


After becoming familiar with the apparatus, an analyst can complete deter- 
minations in 15 to 30 minutes, depending upon the volume of helium to be pumped 
out of the epparatus, and with ordinuzry care results can be duplicated within 
Close ranges. For samples having 1 percent or less of helium, check determina- 
tions should not vary more than 0.01 percent. Check results for samples having 
from 1 to 2 perceat helium should ve within *0.01 percent. 
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